tation to environmental variations," he suggests.
Other researchers have reported even smaller bacterial genomes, as well as viral genomes that are larger than some bacteria. "Not only are tiny bacteria abundant, but, remarkably, they are smaller than some recently discovered giant viruses," Schaechter says. "That's biology for you." The number of bacteria on Earth is estimated to be 10 30 , and more surprises likely will be discovered about them, he predicts.
"This paper puts an end to the longstanding controversy on the nature of what goes through sterilizing fılters," says Jean-Michel Claverie of Aix-Marseille University in France, whose team reported fınding Pandoravirus salimus, a giant virus that is larger than many bacteria and some eukaryotic cells (Microbe, May 2014, p. 185) . Since the early 1900s, scientists have argued whether 0.2-m fılters defınitively separate viruses from bacteria. Recent discoveries of giant viruses and now ultrasmall bacteria "put a nail in the coffın of size as a valid property to distinguish viruses from cells," he says. Even so, microbiologists continue to use 0.2-m fılters to separate viral from bacterial samples, a step that inadvertently might be obscuring valuable discoveries, he suggests.
Carol Potera is a freelance writer in Great Falls, Mont.
ASM MEETINGS AND CONFERENCES

Taking a Closer Look at Metabolic Changes when Hosts and Pathogens Meet Jeffrey L. Fox
One fresh approach to countering pathogens, including those that might be weaponized, calls for focusing on how they change their hosts as well as how their hosts might change them metabolically, according to several experts who spoke during the 2015 ASM Biodefense and Emerging Diseases Meeting, held last February in Washington, D.C. Here are several brief accounts of how investigators are probing these interactions in their search for a better understanding of particular pathogens and the search for new countermeasures to hold them in check.
Although "fastidious" when growing on plates, Francisella tularensis is a "robust" gram-negative bacterial pathogen in nature, according to Alain Charbit of INSERM in Paris, France. The cytosol of host cells, mainly macrophages, serves as its "sanctuary," he says. Some 400 genes, accounting for about 20% of the genome, "participate" in its activities as a pathogen.
MINITOPIC
Developments Involving Antibiotic Resistance
Recent developments involving antibiotic resistance include:
• Three widely used herbicides-dicamba (Kamba), 2,4-dichlorophenoxyacetic acid (2,4-D), and glyphosate (Roundup Once ensconced in the cytosol of a host macrophage, this pathogen comes to depend on its immediate surroundings for key nutrients, including several amino acids, Charbit continues. Because these building blocks of proteins are critical for the survival of this bacterial pathogen, the transporter proteins that play a critical role in supplying those amino acids are de facto virulence factors. The genes encoding them are available in ample supply, falling into 26 families and encoding more than 90 such proteins, more than half of which are needed to ensure virulence, he says. "They do peculiar things."
For example, without its transporter for asparagine, intracellular F. tularensis cells become auxotrophic for this amino acid, Charbit says. One reason that this newfound dependence is peculiar is that the cells still carry genes conferring the capacity to make that amino acid. "We don't know yet why it becomes a functional auxotroph," he says. "It's perfectly capable of making these amino acids."
Viruses also perturb and reorder the metabolic activities of the cells that they infect, says Josh Munger of the University of Rochester in Rochester, N.Y., referring in particular to human cytomegalovirus (hCMV). Soon after it infects a target mammalian cell, central energy-generating metabolic pathways, including the tricarboxylic acid (TCA) cycle, glycolysis, and the pentose-phosphate shunt, undergo dramatic changes. The TCA cycle, for instance, accelerates fatty acid biosynthesis by as much as 50-fold, while glycolysis is up-regulated a less-dramatic but still signifıcant twofold, and pentose-phosphate activities decrease, he says. In much the same spirit, John Wikswo of Vanderbilt University in Nashville, Tenn., and his collaborators are applying cholera toxins to neuronal cells, looking for signals as to how such agents affect target cells, he says. "We want to fınd early signals to anticipate something bad will happen and, ideally, learn how to block it."
By working with cells and tissues, it becomes possible to expect "fast readouts" of metabolic activity following insults from pathogens or toxins, according to Wikswo. One analytic approach he is pursuing is to adapt ion mobility mass spectrometry to the analysis of metabolites that appear in cells following exposure to pathogens. "We can use this approach to study mechanism of action," he says. Even if the toxin or pathogen is an unknown or unidentifıed agent, this approach could provide a window into how it is acting and perhaps into how its damaging effects might be blocked. 
MINITOPIC
Fast and Flagellated
Thiovulum majus Cells Form Dynamic Crystals
Cells of Thiovulum majus, said to be one of the fastest-swimming bacteria known to science, form two-dimensional, crystal-like lattices, according to physicist Albert Libchaber of Rockefeller University in New York, N.Y., and his collaborators. "The regular, repeated arrangement of the microbial cells shares the geometry of atoms within a mineral crystal, but the dynamics are fundamentally different," he says. "The bacterial crystals constantly move and reorganize as a result of the power generated by individual cells within them." An individual flagellated bacterium travels as fast as 60 body lengths per second while rotating. When many cells are placed in nutrient medium on a slide, however, their collective energy pushes them together, forming a hexagonal pattern that remains in flux. The natural habitat of these bacteria is marsh water, where they tether themselves to surfaces and use their flagella to generate local currents, drawing nutrients in their direction, the researchers note. Details are slated to appear soon in Physical Review Letters.
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